ABSTRAa. The effects of three isocaloric intravenous nutritional regimens were studied in seven infants and children, ages 2 months to 9 yr, with congenital gastrointestinal anomalies (four patients) or with prior history of malignant disease admitted in remission for bone marrow transplantation (three patients). Energy metabolism, as measured by the basal metabolic rate (BMR), and substrate utilization, as measured by the respiratory quotient (RQ), were studied to determine the effect of different levels of carbohydrate and fat on nitrogen retention in each patient. Solution A provided 8% of energy as amino acids, 87% as carbohydrate, and 5% as fat. Solution B provided 8% of energy as amino acids, 60% as carbohydrate, and 32% as fat. Solution C provided 8% of energy as amino acids, 34% as carbohydrate, and 58% as fat. Administration of solution A (high carbohydrate, low fat) was associated with moderately increased mean (fSD) BMR and RQ and with low nitrogen retention (19.1 f 12.7%, 1.06 f 0.14, and 98 f 28 mg N/kg/day). Both the BMR and the RQ decreased when less carbohydrate and more lipid was given: BMR 4.3 2 11.6% ( p < 0.005), RQ 0.92 f 0.09 ( p < 0.001) for solution B; BMR 3.94 k 10.6% ( p < 0.005), RQ 0.86 f 0.09 ( p < 0.001) for solution C. Among the solutions tested, optimal nitrogen retention 1163 f 60 mg N/kg/day ( p < 0.01)j was noted with solution B. Our data support the conclusion that a physiologic balance of fat and carbohydrate results in optimal nitrogen retention. (Pediatr Res 21: 538-541, 1987) Abbreviations TPN, total parenteral nutrition CBC, complete blood count V02, oxygen consumption VCOz, carbon dioxide production RQ, respiratory quotient FeC02, measured C 0 2 concentration of expired air FeOz, measured Oz concentration of expired air FiOz, O2 concentration in room air VE, flow rate BMR, basal metabolic rate ANOVA, two-way analysis of variance and children with short bowel syndrome, seriously damaged intestinal mucosa, or failure to develop intestinal villi. Several reports (1-4) have assessed the relationship between nitrogen balance and the energy sources. In adult patients with severe catabolic states, most of the patients were recovering from severe injuries or had septic complications of accidental or surgical trauma. However, no similar studies are available in infants or children. The present study examined, in children, the metabolic effects, including nitrogen retention, of three different isocaloric TPN solutions which varied only in the proportion of calories derived from fat and carbohydrate.
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PATIENTS AND METHODS
Patients. Seven patients were studied over a period of 15 days (Table 1) . Four were infants, ages 2 to 5 months, with congenital gastrointestinal anomalies. They had been stable on TPN at least 10 days after the acute postoperative period. Three others were children, 3 to 9 yr of age, with arrested malignant disease (one had acute lymphoblastic leukemia and two had neuroblastoma). All had been on chemotherapy and were presently hospitalized for bone marrow transplantation. Subsequently, they could not take adequate food orally because of gingivostomatitis, nausea, vomiting, or loss of appetite. In all cases, more than 90% of their nutrients were supplied parenterally. Human Subject Protection Committee approval and their parents' informed consent were obtained for this study.
Study design. Three consecutive study periods, each lasting 3-5 days, were compared. The total energy, electrolytes, trace minerals, and vitamins were identical for all the solutions. However, the composition of the energy source varied, as shown in Table 2 . Each regimen was given through a random cross-over design. A crystalline amino acid solution (10% Travesol) was used to provide the nitrogen source. Glucose and fat (20% Intralipid) were used as the nonprotein energy sources. Infants below 10 kg of body weight received a mean ( G D ) 123.3 k 6.3 ml/kg/day and 95 k 6 kcal/kg/day. Children more than 10 kg received 100 kcal/kg/day for the first 10 kg, 50 kcal/kg/day for the next 10 kg, and 20 kcal/kg/day for each kg beyond the 20th kg. Their average caloric intake was 91 k 5 kcal/kg/day. Each 125 ml of TPN solution delivered 90 cal to all patients on all solutions.
Although there were some minor variations in the volumes of TPN solution delivered to different individuals, the solution volumes and calories delivered to each individual were similar Techniques for providing complete nutritional support par-during the three study phases. The nutrients were given concurenterally are of great importance in the management of infants rently and continuously by infusion pump via a central vein. acids, P-hydroxybutyrate, triglycerides, and transfemn levels were measured quantitatively. Quantitative urine collections for total nitrogen and amino acid nitrogen were performed on the last day of administration of each solution, concurrent with measurement of the resting energy expenditure.
Laboratory studies. Three to 5 ml of blood were drawn for free fatty acids, insulin, triglyceride, P-hydroxybutyrate, and transfemn. Blood samples were transferred into heparinized tubes, which were kept at +4" C until centrifugation. Plasma was separated within 30 min and stored at -20" C for subsequent analysis. Plasma free fatty acids, insulin, and triglycerides, as well as electrolytes, liver function studies, creatinine, and glucose were determined by conventional methods in our hospital laboratory. Transfemn concentration was determined by laser nephelometry. Urinary total nitrogen was determined by the Kjeldahl method, and urinary amino acid nitrogen was measured by an enzymatic method. Nitrogen balance was derived from the daily volume of infusate minus the daily output of urinary nitrogen. Great care was taken to avoid urine loss, and urine collections were completed equally in all three periods, except for patient C.J.
Determination of energy expenditure and substrate utilization.
V02 and VC02 were measured by open circuit, indirect calorimetry utilizing a system developed in this laboratory (Fig. 1) . A stream of room air (0.5-1.0 I/kg/min) was drawn at a constant flow rate (Minato, Respiromonitor RM-100 flow meter and Ueshima Seisakusho Co. flow controller) through a Lucite rigid hood placed loosely over the head of the resting, supine patient. Each patient could breathe freely. The difference between the oxygen concentration in room air and that in the mixture of room air and expired gases was measured by a solid electrolyte oxygen detector (Engineering Research Laboratories, Toray Industries, Inc.). The difference between the C 0 2 concentration in expired air as compared to room air was determined by infrared analyzer. The system allows continuous measurement of oxygen consumption and carbon dioxide production which are displayed on a chart recorder. The following formulae were used. Statistical analysis. Since the three experimental conditions A, B, and C were set in gradual fashion and interrelated, multiple comparisons among them for each measurement was made by use of ANOVA. When there were one or two missing measurements, these were supplemented by estimated values calculated from the mean of the whole data and means of the corresponding row and column. The degree of freedom was adjusted accordingly.
RESULTS
Hematologic and biochemical monitoring. Throughout the study period, hematologic data (CBC and platelet count) and biochemical parameters (electrolytes, creatinine, total and direct bilirubin, SGOT, SGPT, and plasma and urinary glucose) were within normal limits for all patients, except for slight increases in SCOT and SGPT in two cases. In addition, plasma free fatty acid and triglyceride levels remained within normal limits throughout the study period, and no statistically significant differences were noted among the three solutions. While plasma insulin levels were maintained in the high normal range (30 & 23 pU/ml) for patients receiving solution A, and showed a slight tendency to decrease as the percentage of glucose calories decreased, we could not demonstrate a statistically significant difference among the three solutions. Although serum transferrin tended to be higher (172 mg/dl) in patients on solution B, as compared to 156 and 158 mg/dl for solutions A and C, respectively, differences among the three solutions tested were not statistically significant. Substrate utilization. (Table 3 ).
BMR and RQ. Changes in the BMR

DISCUSSION
Our study shows that patients receiving a glucose-dominant TPN solution as the energy source, containing only enough fat NOSE ET AL. 
energy expenditure and nitrogen retained
to avoid essential fatty acid deficiency, had BMR and RQ values which were significantly higher than those seen in intermediate or in fat-dominant formulations. Most investigators (6, 9) acknowledge that patients receiving a TPN solution, in which the energy source is predominantly or exclusively glucose, will experience a significant rise in the resting energy expenditure and will have RQ values greater than 1.0. This effect is seen in all but the most severely hypermetabolic patients (6) . We show that infants and children have similar metabolic effects, with concomitant rises in BMR and RQ, when they are supplied with a glucose-dominant TPN regime.
Previous studies of energy metabolism (4, 6) were conducted in adult patients with severe catabolic states and are not comparable to results in the present study. Jeejeebhoy et al. (7) studied patients who had experienced a period of protein-calorie malnutrition prior to the study, many of whom had active infection and inflammatory processes. They found no significant difference in nitrogen retention between subjects receiving nonprotein calories as glucose alone and those receiving 83% of their calories from intravenous fat. In another study, Long et al. (8) found glucose-dominant formulations to be clearly superior to fat-dominant formulations with regard to nitrogen retention, but the patients studied had abnormally high basal metabolic rates. There have been no previous studies of this kind in growing infants and children with normal metabolic needs and given clinically applicable TPN solutions.
While we have demonstrated that the pattern of fuel utilization in infants and children on TPN is strongly influenced by the energy sources, it must be kept in mind that the RQ in healthy (enterally fed) infants and children with normal growth and development, is approximately 0.85. From this, the conclusion follows that RQ results in excess of I .O are not physiologic and, hence, the utilization of nearly 82% of the carbohydrate delivered in solution A (the high-carbohydrate, low-fat formulation; see With regard to protein degradation as a component of fuel utilization, we observed no significant difference among the three solutions. This indicates, in part, that infants and children with normal metabolic requirements have a minimum level of nitrogen degradation and that this is independent of the composition of the energy source, at least within the limits of physiologic solutions. This result is consistent with the data of Rubecz et al.
(10).
Our balanced solution (B) yielded the greatest nitrogen retention, as compared with the two other solutions (Table 3 ), in our eumetabolic children. The explanation for this is that although the percentage of nitrogen degradation is not strongly influenced by the energy source, the absolute amount of nitrogen retention with solution B was significantly greater than with solutions A and C, because the resting energy expenditure and BMR were higher with solution A than values seen with administration of solution B.
"Inefficient glucose utilization7' is most likely to occur when large amountsof glucose are given. There is a physiologic maximum to glucose oxidation (1 I), which has been reported to range from 5 (12) to 9 mg/kg/min, and varies depending on the patient's condition and concomitant metabolic needs (13) . In. the present study, the children on solution A oxidized approximately 15 mg/kg/min of glucose, which, judging from the excessively high BMR and RQ > 1 .O, exceeded the normal, physiologic maximum. In this regard, solutions B and C, with their respective average glucose oxidation rates of approximately 10 and 6 mg/ kg/min, were "more physiologic." While it is not yet possible to quantitate this physiologic maximum glucose utilization in infants and children, the results of the present study indicate that it is likely to be exceeded when glucose is the only nonprotein energy source given to patients receiving TPN. It follows that less energy, as ATP, would be available for anabolic processes such as protein synthesis, when glucose alone, as compared with a balanced, equicaloric glucose and fat regimen, is used. Moreover, such a formulation will require fewer calories for nitrogen retention than will a carbohydrate-dominant formulation, not only because it is associated with lesser increments in BMR, but because it ensures a more efficient utilization of the provided energy substrate.
Although we observed no difference in energy expenditure (expressed as BMR) between children given solutions B and C, enhanced nitrogen conservation was noted with solution B. Of the solutions studied, solution B, with its intermediate composition of 8% protein, 60% carbohydrate, and 32% fat, appears to be the most efficient formulation for TPN in growing infants and children with normal metabolic needs.
